The electron impact excitation of the autoionizing states of helium, their subsequent decay into the same He + 1s -1 final ionic state, and the interference of these processes have been studied. We concentrated on the exchange interference of the 2s 2 ( 1 S) and 2p 2 ( 1 D) states in the 60°-120° scattering angular range. Our evaluation method is based on the comparison of spectra measured at around the critical primary energy (93.15 eV) and the synthetized ones. The peak parameters for the synthetized spectra are obtained from measurement done a few eV below or above the critical energy, where the scattered and ejected electron peaks are well separated.
INTRODUCTION
Interference usually refers to the interaction of coherent waves that originate from the same source, but travel via two different paths. The state-to-state (exchange) interference can occur when a common final state originates from a common initial state via two different intermediate states. In an electron impact process, the common final state can take place at a unique (critical) electron impact energy, where the energy of the scattered electron from one reaction path equals the energy of the ejected (autoionizing) electron released along the other path and vice versa: in that case the scattered-ejected electron pairs are indistinguishable.
In [1] , [2] , [3] . The excitation energies (ER) of these autoionizing states are 57.83 eV and 59.91 eV. The energy of their common He + 1s -1 final state is EF = 24.59 eV, hence the energies of the ejected autoionizing electrons (Ea=ER−EF) are 33.24 eV and 35.32 eV, respectively [9] . At E0=93.15 eV primary energy, the energy of the scattering peaks (Es=E0-ER) associated with the generation of these autoionizing states are 35.32 eV and 33.24 eV. Thus the ejected-scattered (scattered-ejected) electron pairs going along the two paths have the same energies (33.24; 35.32 eV); hereby the critical primary energy for this pair is 93.15 eV.
The energy spectra measured at the critical energy are obviously complex, since the energies of at least two-two electron peaks coincide. In this example there is one coinciding scattered-ejected electron peak pair both at 33.24 eV and 35.32 eV, the other parameters of which, however, differ significantly. Moreover, the energy of the 2s2p( 1 P) peak only differs from that of the 2p 2 ( 1 D) peak by 0.23 eV (which our experimental equipment just cannot resolve), i.e. in our spectra there are two significantly overlapping peak triplets. We can hope to separate these, i.e. to fit the spectrum, only if we keep almost all of the parameters (which we have determined beforehand by performing measurements at another primary energy) of the peaks Fig. 1. The energy levels and transitions of the studied state-to-state interference fixed during the fitting. We have already reported partially about these preliminary measurements [4] . During our preliminary measurements we had to take special care about measuring the Fano interference, which essentially disturbs the observation of the exchange interference. This phenomenon, i.e. the interference between the direct and indirect ionization, however, occurs at all primary energies. Thus it can be studied separately in the neighborhood of critical energy (but not identical with it). In our previous paper we studied it at approximately 4 eV below and above the critical energy (at around 88 eV and 97 eV), where the groups of the ejected and the scattered electron peaks are well separated.
EXPERIMENTAL SETUP AND SPECTRUM EVALUATION METHOD
The spectrometer system used in these experiments has been described in detail previously [5] , and recently some new improvements were also described [4] . In these simple measurements only our double cylindrical mirror (CMA) spectrometer was used ("A" spectrometer in [4] ) with approx. 0.80% resolution (FWHM) at 35 eV. In this paper we consider the measurements only in the "upward" sector of the spectrometer, which detects the scattered (and ejected) electrons in the 60.9°-119.1° scattering angular range, in approx. solid angle. The intensity of the scattering peaks (Es=E0-ER) associated with the generation of the autoionizing states, and that of the peaks of the electrons ejected during their decay are a strong function of both the primary energy and the emission angle. In the evaluation of our experimental spectra the intensity (I) of the model spectrum is assembled [6] 
The second summation is concerned to the peaks of electrons scattered during the creation of the four autoionizing states. When the electrons are detected from a larger angular range the Shore parameters could be varied a lot even in a single spectrum. The superposition of the peaks with very different parameters can result in a peak that is hard to be fitted using this equation. Nevertheless, this fitting procedure was working in a quite acceptable manner for our spectra. The experimental spectra were fitted by an IGOR Pro code. During the fitting, the spectrum synthesized on the basis of the above formula must also be convolved with , where wwww wwww wwww wwww wwww wwww wwww wwww wwww wwww wwww wwww wwww wwww where, the Gauss-shaped function of the spectrometers, the widths of which is proportional to the energy. Unfortunately, the natural line widths (138, 8, 72 , and 38 meV) are much smaller than the resolution of the spectrometer, moreover, than the energy step in the spectra (may be with the exception of the lowest energy 2s 2 ( 1 S) state). In our previous work it caused some problems in the convergence and the reproducibility of computer fits. For this reason we increased these values by 0.1 eV, thus as a spectrometer function we used in fact a Voight profile, i.e. a convolution of a Gaussian profile, and a Lorentzian profile. This practice hardly affected the quality of the fit (measured in ), but strongly increased its reliability. On the other hand, this practice also affects the ratios of peak intensities (Iµ and Iν).
In addition to this, the scattered electron peaks must also be convolved with the energy broadening of the primary beam, which was typically 0.25 eV during these measurements. The fitting would be completely reliable, if the 8 peaks from equation (4) were well-separated. Unfortunately, this is not the case because the distance of the 2p 2 ( 1 D) and 2s2p( 1 P) autoionizing peaks (0.235 eV) is a little bit smaller than the energy resolution of the spectrometer (about 0.28 eV at 35 eV). This fact already limits the precision of the computer fit quite strongly. Throughout our fits, we were able to reproduce the relative contributions of these two peaks with an average precision of approximately 10%. The situation is even worse for the contributions of the associated scattered electron peaks (because of the extra broadening); there the precision is about 20% at most.
We used a quadratic function to fit the Id(E) background. Out of the 4 parameters (I, S, E, Г) specific to the peaks, we fixed the Г Lorentz widths and the energy of the 4 autoionizing peaks at the values specified at the beginning of the chapter. The other peak parameters should be determined at such primary energies for which the groups of the autoionizing electron peaks and the scattered electron peaks are well-separated. As it can be seen in Figures 3-8, this already occurs at about 4 eV below and above the critical energy. Since the critical energy of the interference between the 2s 2 ( 1 S) and 2p 2 ( 1 D) autoionizing resonances is 93.15 eV (=57.83+59.91-24.59), we performed the measurement sequences in the vicinity of 97 eV and 89 eV primary energies. Around 97 eV the peaks of the scattered electrons are above the autoionizing peaks, while around 89 eV they are under those peaks.
RESULTS AND DISCUSSION
We have published [4] our experimental results measured in the three angular sectors (upward, forward, backward) below and above the critical primary energy. (We chose theses energies in such a way that the groups of the ejected and the scattered electron peaks were well separated.) We fitted all the spectra and found systematic differences even within one group (i.e. when the spectra measured at the same primary energy and angular sector). We then decided to present the peak parameter averages corresponding to all the spectra that belong to the group in the tables, but to only show one (which was thought to be the most reliable) per group out of the spectra.
Later we realized that the reason for the discrepancies within a group was that the cross-sectional distribution of the primary beam differed slightly in the different measurements, which changed the weight of the different scattering angles even within a sector. The important thing for us would be to perform these measurements with the same geometry of the primary beam as the measurements at the critical energy later. Therefore the way to increase accuracy is not to consider more measurements, but to select the measurements that are the closest in terms of beam geometry, and to compare those. And these spectra -at least in case of the upward sector -are exactly those spectra that we have already presented in [4] . Namely, we started these investigations with the upward sector, in which the peaks of the scattered and ejected electrons have about the same magnitude. (The scattered electrons dominate in the forward sector, and the autoionization electrons dominate in the backward sector, as we have showed in [4] .) Namely, we thought that showing the interference could be easier between peaks of equal intensity. On the other hand, however, the interference does not happen between the scattered and ejected electrons, but between two electron pairs, both of which containing scattered and ejected electron. Thus from the aspect of the exchange interference the forward and backward sectors may also be exciting.
Therefore in Figures 2 and 3 we show the two spectra measured in the upward sector. We therefore took the two spectra so far from the primary energy that the groups of the scattered and ejected electrons are completely separated. The autoionizing peaks are in the 32.5-36 eV range in both graphs, and the scattered electrons are below this (Fig. 2 ) or above this (Fig. 3) . The recorded spectra are the same as the ones presented in [4] , but their evaluation is different as it was described in the previous chapter. In addition to the turn to the Voight-profile spectrometer function we changed the handle of energies of the scattered electron peaks. Their relative values were fixed according to the excitation energies (Es1-Es2=ER2-ER1), while their absolute values were changed during the fit. Their values at the best fit were considered as the verified values. Then the primary energy was calculated according to the equation: E0=ER+Es. In the graphs we can also see the result of the best fit. Due to the method of the altered evaluation, this is somewhat different from the earlier.
In Table 1 we summarized the peak parameter values that we obtained for the best fit. These cannot be compared to the data contained in Table 1 of our other article [4] at all, because that consists of the data of multiple spectra. We have already analyzed the result of the fits in [4] . Here we only point out that Figure 3 contains other peaks in addition to the ones listed in Table 1 . Here the 2s2p( 3 P) and 2s 2 ( 1 S) scattered peaks already overlap partially with the autoionizing peaks that reside at high energies (mainly with the states 2pnp( 1 D) n=3,4,5). These satellite peaks are located in the 39-41 eV range [7] , and we managed to model them relatively well with two wide peaks (Г=0.3 eV) placed at around 39.4 and 40.6 eV. At a lower primary energy, this overlap could be eliminated, but then the autoionizing and scattered peaks belonging to the state 2s2p( 1 P) would get close to each other. Overall it can be stated even now that the error of the fitted parameters of the scattered peaks is larger. This is partially because of their excess broadening, and partially -at the greater primary energy -because of the satellite peaks. And with regards to the concrete resonances, always the error of the peaks (both the scattered and the ejected) belonging to the 2s2p( 3 P) resonance is the largest. These are the narrowest and smallest intensity peaks with the most diverse shapes, but fortunately The main purpose of determining the parameters in Table 1 was to use them to give an estimate for the values of the peak parameters that can be expected at the critical energy. Without this the spectra recorded near the critical energy -because of the many overlapping peaks -cannot be evaluated reliably. We expected that within the 7-8 eV primary energy range considered the parameters would change commensurably to the error of the fit (possibly a little more than that), i.e. the linear interpolation would have acceptable accuracy between the two points. It can be seen that this expectation of ours was only partially met. In some cases, within the considered 7.2 eV primary energy range the peak parameter changed an order of magnitude more than the fit error. Otherwise, this is not in contradiction with the data in the literature [8, 9] . In these cases the legitimacy of the linear interpolation is questionable; the interpolated value can be even very inaccurate. The data that were interpolated to 93.15 eV from the fitted parameter values given in Table 1 are listed in Table 2 . There we also included how much the parameters changed over the considered 7.2 eV primary energy range. We used italic letters for the interpolated values we thought to have large errors because of too large changes. We show the spectra recorded near the critical primary energy in Figures 4a-d , together with the result of the best fit. During the fitting we used the fixed Shore parameter and relative intensity data of Table 2 , the same values for all 4 cases. Naturally, we varied the energy data of the scattered peaks (maintaining the energy differences) in order to achieve the optimal fit. In addition to this, essentially the quadratic background and the intensity of the 2s2p( 1 P) autoionizing peak were the only fit parameters. a b c d Fig. 4 . The electron spectrum measured in the upward angular sector at the critical primary energy region (a, E0=93.15 eV; b, E0=93.25 eV; c, E0=93.30 eV; d, E0=93.40 eV) compared to the one, synthetized by means of data from Table 2 (solid line). At the top the difference of the measured and synthetized spectra is shown in sigma units.
It is true for all 4 spectra recorded near the critical energy that the alignment of the experimental spectrum and spectrum synthesized based on the data of Table 2 is not too good. If the data of the table are correct, then the fundamental reason for this could be the state-to-state interference. The spectrum synthesized based on the data of Table 2 does not contain this type of interference (only the Fano interference), while the experimental ones obviously do. Therefore the difference of the two spectra essentially gives the exchange interference term. The χ 2 value that characterizes the difference of the two spectra is the largest in Figures 4a and 4d (Figures 4b and 4c) . In every case ( Figure 5 ) the difference spectrum (residual spectrum) shows the rearrangement of electrons at around 33.2 eV to the range near 35.5 eV, while the shape of the peaks also changes significantly. (Logically, in other angular ranges reversed rearrangement must also occur.)
Of course, it is also possible that the difference between the experimental and the synthesized spectra is caused (at least partially) by the error of the data in Table  2 . This is especially true for the data written in italic letters, which came from the interpolation between data that were too far from each other. At this point we are not able to exclude this error in this article. However, in the following it would be more advisable to determine the peak parameters from measurements that are closer to the critical energy. When the groups of the scattered and ejected electrons do not yet separate, but the overlap of the peaks is already not so significant. For this we would need a spectrometer with better resolution. 
SUMMARY AND CONCLUSIONS
In this paper we made an attempt to observe the exchange interference between the autoionizing states of He on the basis of evaluation of simple (non-coincident) electron spectra obtained in electron impact experiments. The exchange interference takes place only at a unique (critical) electron impact energy, where the energy of the ejected electron released by one autoionizing state equals the energy of the scattered electron during the creation of an another autoionizing state and vice versa. In this paper we concentrated the exchange interference of the 2s 2 ( 1 S) and 2p 2 ( 1 D) states with 93.15 eV critical primary energy. Our method is based on the comparison of the experimental spectrum and the one synthetized from Fano-type ejected and scattered electron peaks at the critical energy. The necessary peak parameters are interpolated from the parameter values obtained from the spectra measured below and above the Res/sigma Electron energy [eV] critical energy in such a way that the groups of the autoionizing and the scattered electron peaks are well-separated and hereby their evaluation is reliable. The exchange interference, therefore, is described by the difference of measured and synthetized spectra. This difference appears mainly the rearrangement of electrons at around 33.2 eV to the range near 35.5 eV, while the shape of the peaks also changes significantly. This difference can also be caused (at least partially) by the error of electron peak data interpolated to the critical energy, especially when the data changed too much in the considered 8 eV region. For this reason, further measurements closer to the critical energy are suggested but with better energy resolution in order to keep the minimal overlapping of peaks.
